Background: The paper reports on the utilization of palm kernel oil (PKO) as a low cost renewable substrate for 14 medium-chain-length poly-3-hydroxyalkanoates (mcl-PHA) production by Pseudomonas putida BET001.
non-biodegradable materials, the potential usage of these functionalized PHA for specialty applications warrants the enhancement 57 of microbial bio-processing capable of efficiently accumulating these 58 biodegradable polymers [6] . This polyester can be produced via 59 microbial fermentation using fatty acids as a carbon source for growth 60 [7, 8, 9] . To date, most of the researches on medium-chain-length 61 poly-3-hydroxyalkanoates (mcl-PHA) have been focused on commercial 62 free fatty acids as sole carbon source [10] and [11] . One of the potential 63 renewable carbon feedstock for use as mcl-PHA fermentation substrate 64 is palm kernel oil (PKO). PKO is derived from the kernel of oil palm [12] .
65
This edible oil consists of highly saturated vegetable fats not unlike that 66 of coconut oil and palm oil. The most abundant component in palm oil 67 and coconut oil is 16-carbon atom length saturated fatty acid such as 68 palmitic acid (CH 3 (CH 2 ) 14 COOH). However, in PKO, 12-carbon atom 69 length saturated fatty acid viz. lauric acid is pre-dominant (Table 1) .
70
In this study, the production of mcl-PHA from raw PKO by a 71 wild-type Pseudomonas putida BET001 was investigated. The effects of 72 pH, temperature, agitation rate, aeration surface-to-volume ratio and 73 fermentation time were investigated in the shaken flask cultures.
74
Kinetic studies were also carried out under investigated conditions 75 to understand the relationships among cell growth, free fatty acid 76 utilization and mcl-PHA production. Fatty acids were extracted using 50 mL isopropanol in a ratio of 
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143
The concentration of fatty acids titrated was determined using the 144 following equation: The mcl-PHA content was analyzed using gas chromatography (GC).
149
Direct cell methanolysis method was used for the determination 150 of intracellular mcl-PHA amount [6] . The machine used was 
156
Helium was used as a carrier gas at 35 mL min -1 . A splitless
The kinetic of bacterial growth was described using a logistic model:
where dX/dt is the rate of biomass production (g L -1 h -1 ), X is the biomass concentration (g L -1 ), μ max is maximum specific 162 growth rate (h -1 ) and X max is the maximum attainable biomass 163 concentration (g L -1 ).
164
The mcl-PHA production was calculated using the Luedeking-Piret
165
(LP) model [13] as expressed in [Equation 3 ]:
where dP/dt is the rate of mcl-PHA production (g L ).
t1:1 
The rate of free fatty acid consumption as a growth substrate was 
where dS/dt is the rate of free fatty acid utilization (g L Dry cell wight (g/L) Mixed fatty acids consumption (mol/m3) PHA production (%) Fig. 2 . Biomass growth, fatty acid consumption and mcl-PHA production of P. putida BET001 as a function of different temperatures (25, 28, 32, 37 and 40°C) with constant of other variables such as pH (7), agitation (170 rpm), volume of media (100 mL) and incubation time (48 h) with 10% inoculum. 
191
The total biomass, mcl-PHA production and free fatty acids by mcl-PHA production. These favorable pH range for growth,
198
biopolymer production and free fatty acid consumption in P. putida 199 BET001 were similar with the studies of Lopez-Thomas et al. [14] 200 that found that the optimum pH for growth of P. putida is between 201 pH 6.5 and 7.
Agitation rate (rpm) Mixed fatty acids consumption (mol/m3) PHA production (%) Fig. 4 . Biomass growth, fatty acid consumption and mcl-PHA production of P. putida BET001 as a function of different agitation speeds (90, 170 and 250 rpm) with constant of other variables such as pH (7), temperature (28°C), volume of media (100 mL) and incubation time (48 h) with 10% inoculum. 
The temperature for cultivation was investigated at 25, 28, 32, ). Similar reported by Mordocco et al.
209
[15] and Harwood et al. [16] showed that optimum temperature range source with 36 ± 0.15% w/w production of mcl-PHA.
216
The aeration surface-to-volume ratio is another important variable Gumel et al. [11] postulated that medium chain length fatty acids are (dS/dt) and the rate of PHA production (dP/dt) were shown in Table 3 . , respectively (Table 3) .
275
Model prediction under investigated conditions in the shake 
Conclusions
283
The data presented in this study highlighted the key fermentation 284 variables in shake flask cultivation when highly reduced substrates t3:1 Note: PHA (% of total dried biomass weight).
such as fatty acids are used as a major carbon and energy source.
286
The kinetic analyses and modeling performed also helped to predict 287 important fermentation behavior in a highly dynamic culture system 288 as the shaken flasks. Mixed fatty acids consumption (mol/m3) PHA production (%) Fig. 5 . Profiles of growth, fatty acid consumption and mcl-PHA production of P. putida BET001 in shake flask fermentation (0-72 h) with constant of other variables such as pH (7), temperature (28°C), agitation (250 rpm), volume of media (100 mL) with 10% inoculum.
